They jokingly called it a loya jirga, after the contentious tribal council convened to choose a new Afghan government. The astronomers, earth scientists, and spy-satellite experts who convened last May in Boulder, Colorado, were indeed an ornery and territorial bunch. But the prospect of pooling their expertise to build space telescopes larger and more powerful than anything yet attempted was enticing enough to bring them together under one roof.
When the participants gather this May for Loya Jirga II, also hosted by NASA, there will be more on their minds than the details of competing technologies. The new White House exploration plan makes no mention of space-based telescopes, save for a reference to instruments to detect Earth-sized extrasolar planets. But retiring the shuttle and eventually abandoning the station to build a lunar base could have a radical effect on the size, design, and placement of a new generation of space telescopes-and on whether there will be any money to build them.
Researchers are divided on whether such instruments should be built by astronauts and robots or deployed by themselves. Location is also a thorny issue. Some favor the moon as the best location, whereas many others prefer free space; spymasters want to keep their assets disposable and in low Earth orbit. Still other scientists say the push for massive space observatories is wrong-headed, given advances in cheaper ground-based instruments. This spring, at the invitation of several federal agencies, the National Research Council (NRC) will convene a panel to examine the options for new space-based observatories.
On Earth, building a large mirror is a technical challenge limited only by money. But volume is also a problem for spacebased telescopes, as the largest rockets can accommodate a payload only about 5 meters across. Anything bigger must be designed to unfold by itself or be assembled in space.
The James Webb Space Telescope (JWST), with a 6.5-meter aperture, is the first in what could become a series of segmented mirror instruments. When launched in 2011, it will automatically unfold its mirror in space, like petals of a flower. Pedro Rustan, who oversees advanced technology for the National Reconnaissance Off ice (NRO), envisions much lighter and more flexible structures that use nanomaterials and techniques to shrink mirror weight by eight-to tenfold. Working with NASA's Jet Propulsion Laboratory in Pasadena, California, the spy agency has already built a 0.2-meter telescope and is testing one twice as large. Rustan hopes to complete a 0.75-meter mirror in 2006 and a 3-meter version in 2008, with an eye toward a 10-to 12-meter mirror by 2012.
For NRO, servicing isn't an issue. Its budget is big enough to order a replacement when the existing instrument fails, eliminating the need for humans or even robots in space. "There will be a role for humans in space but not for a traditional role like Hubble servicing," Rustan argues. But for most scientists, sending up another telescope when the first one breaks "is not politically possible," says Roger Angel, an astronomer at the University of Arizona, Tucson. Instead, Angel and many other researchers prefer to rely on astronauts to assemble and maintain the instruments.
Where to site such an instrument is perhaps the most contentious issue of all. Angel favors the moon's poles, noting that "you have water that can be extracted and solar power." But increasingly, scientists say they prefer free space, and particularly the Lagrange points, where the gravity of two bodies-such as the sun and Earthcancel each other out. (JWST will be parked at L-2, more than a million kilometers from Earth.) The points are stable, cold, and clean, and they provide a perfect view. "The moon is dusty; I don't see any advantage to it," says Riccardo Giacconi, an astronomer who heads Associated Universities Inc. (AUI) in Washington, D.C.
Servicing such distant observatories would be difficult and expensive but not impossible. Although JWST is designed to be disposable, NASA officials envision occasional sorties to future observatories at Lagrange points and a new launch vehicle to change out instruments and perform systems maintenance, much as was done with the Hubble Space Telescope in low Earth orbit.
Standing outside this debate over size and location are those skeptical of everlarger-aperture instruments. "I just don't see it as necessary," says Anne Kinney, NASA's astronomy chief. She believes that groundbased telescopes fitted with adaptive optics, which can screen out the distortions of Earth's atmosphere, are much more costeffective. Kinney says it makes more sense to launch interferometers, which can create virtual mirrors that surpass any human designs.
Not quite, says Angel. Interferometers are great for searching out extrasolar planets, he notes, but cosmology relies upon scarce photons. Space is also the best place to observe at wavelengths absorbed by Earth's atmosphere, such as infrared.
The NRC report, written for NASA and the intelligence community, hopes to integrate these competing views into a comprehensive plan for space-based telescopes. The panel, not yet chosen, will build on last spring's Boulder meeting as well as a December workshop hosted by Johns Hopkins University and sponsored by AUI. Its recommendations, in turn, will be folded into the larger policy debate over implementing the president's vision for space exploration.
Bush's plan is sure to affect all aspects of future large space-based telescopes.
Without access to a space station after 2016, assembling a telescope in orbit would be impractical. And the push for a lunar base might give moon advocates such as Angel a big boost. Most troubling for astronomers, however, is the fear that the cost of building a new launcher and setting up a base on the moon would squeeze out any revolutionary telescope project, no matter how enticing the technology or the science. For much of the past decade, NASA has operated according to the mantra "faster, cheaper, better." But like Detroit, the agency has recognized that there are limits to downsizing. Take its plans for the Jupiter Icy Moons Orbiter (JIMO), the biggest and costliest planetary probe in its history. This planetary sport/utility vehicle could travel for years in remote places, and it will test nuclear propulsion and power technologies that are seen as essential elements of the president's new space exploration plan.
But although scientists hope that the spacecraft will be a prototype for similarly giant probes to Saturn, Neptune, and the asteroids, other forces may keep it earthbound. A price tag approaching $10 billion could be a fiscal hot potato, and the specter of a radiation-spilling accident has already caught the attention of environmental groups. "If they can pull it off, this will be an intellectual boon of historic proportions," says Eugene Levy, an astronomer and provost at Rice University in Houston, Texas. But he and others, such as astrobiologist Bruce Jakosky of the University of Colorado, Boulder, are nervous. "The political future is uncertain, and my concern is that this could come to nothing," says Jakosky.
For scientists, the potential benefits far outweigh the risks. As now envisioned, JIMO would leave Earth around 2012, carrying a dozen instruments designed to conduct more than three dozen investigations and gather more than 12 dozen kinds of measurements. There may even be room for a small lander that would plummet to the surface of Europa, the moon believed to harbor an ocean-and, perhaps, ingredients for life-underneath its icy crust.
JIMO is the guinea pig for Prometheus, a nuclear technology program and the first major initiative of NASA Administrator Prometheus would develop advanced nuclear reactors-based on those used aboard Navy ships-to push the spacecraft to its destination as well as to operate onboard systems. Some previous NASA power systems used the decay of nuclear material to generate electricity, but not full reactors and not for propulsion. If the technology works, JIMO would free space scientists from the tyranny of hoarding watts and compressing data. All of Cassini's instruments together will consume 300 watts of power, return a few gigabits of data, and spend hours observing Saturn's moons closely. By contrast, JIMO would provide more than 10,000 watts of instrument power, some 500 gigabits of data, and months of observation time at each target, according to NASA documents. The spacecraft could orbit Europa for 2 months, then spend 4 months at Ganymede and another 4 months at Callisto.
Just a couple of years ago, a far more modest mission to Europa was on the verge of cancellation. So JIMO was a welcome and wholly unexpected surprise. "They replaced a $1 billion Europa mission with a $10 billion one!" jokes Jakosky.
Researchers last year worried that the experimental nature of the nuclear systems might make any scientific goals an afterthought. But a panel of NASA and outside scientists in December completed an aggressive science plan that the agency has embraced. "Science is really in the driver's seat in this mission," says NASA project scientist Curt Niebur. The panel concluded that the 600 kilograms' worth of instruments was too little and urged a minimum of 1500 kilograms. Saturn-bound Cassini, by contrast, includes 600 kilograms of scientific payload, most of which is devoted to the Huygens probe slated to fall into Saturn's moon Titan.
About a quarter of that larger science capacity on JIMO would be set aside for a Europa probe, with a lander that Niebur compares to "the size of a garbage can lid." In-
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A nuclear propulsion system is expected to provide more power-and more angstfor a trip to Jupiter and its icy moons Prometheus Bound. Powered by nuclear reactors, the planned JIMO spacecraft is shown nearing the Jupiter system and its icy moons.
